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(57) ABSTRACT

Frequency synthesizers of a radio transceiver are automati-
cally tuned so that its transmit and receive Irequencies
correspond to whichever upper band and lower band filters
the radio transceiver has been connected by the user. A
capacifive electrical impedance interface 1s coupled to filter
circuitry of an upper band filter section, while an inductive
clectrical impedance interface 1s coupled to filter circuitry of
the lower based filter section. A voltage reference circuit 1s
coupled to one of the transmit port and the receive port of the
fransceiver. A controller 1s operative to automatically tune
the transceiver to transmit 1n one of the upper and lower
frequency bands, and to receive on the other frequency band,
in accordance with the voltage level generated by the
voltage reference circuit.

11 Claims, 1 Drawing Sheet
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MECHANISM FOR AUTOMATICALLY
TUNING TRANSCEIVER FREQUENCY
SYNTHESIZER TO FREQUENCY OF
TRANSMIT/RECEIVER FILTER

FIELD OF THE INVENTION

The present invention relates 1n general to communication
systems, and 1s particularly directed to a new and improved
mechanism for automatically tuning the frequency synthe-
si1zer of a radio transceiver, such that 1ts transmit and receive
frequencies correspond to those of respectively different
(upper band and lower band) filters to which the radio
transceiver has been connected.

BACKGROUND OF THE INVENTION

Because the majority of users of electronic devices are
technically unsophisticated, telecommunication service pro-
viders are continually seeking ways to make 1nstallation, set
up and use of their equipment as simple as possible. In the
course of setting up radio transceiver equipment at a respec-
five end of a two way radio link, such as 1s diagrammatically
illustrated 1n FIG. 1, for example, interference may be
encountered. To avoid this interference or other reasons, the
customer may be required to change the transmit and receive
frequencies from one assigned plan to another 1 order to
achieve satisfactory system operation. When this situation 1s
encountered, the customer 1s customarily required to per-
form three tasks.

The first 1s to connect the radio’s antenna 11 to the
antenna port 13 of a diplexer 15 containing transmit and
recerver filters for the radio 17, proper.

The user 1s also required to connect the radio’s transmitter
and receiver ports 21, 23 to filter ports 31, 33 of the diplexer
15, as specified on a frequency assignment plan for that
customer’s end of the link.

Finally, the user must tune the radio’s frequency transmit
and receiver synthesizers to the respective frequency bands
of the diplexer filters, 1n order to conform with the custom-
er’s transmit and receive frequency assignment plan, such as
that shown 1n FIG. 2. In the frequency assignment example
of FIG. 2, the radio 17 at a ‘west’ end of the radio link 1s to
be configured to transmit within a first ‘lower” frequency F;,
band 41, and to receive within a second ‘upper’ F,, ire-
quency band 43. Conversely, a radio at the ‘east’ end of the
link 1s to transmit within the ‘upper’ frequency F,, band 41,
and to receive within the ‘lower’ F; frequency band 43.

While the first two steps ivolve the user only making
physical connections between components, and are essen-
fially foolproot, the third step requires the user to make a
pair ol parametric adjustments to set the operation of the
radio, and often results in a set-up failure. This, 1n turn, leads
to the customer calling the service provider and the need to
inject service personnel into the process.

SUMMARY OF THE INVENTION

In accordance with the present invention, this problem 1s
ciiectively obviated by incorporating a pair of relatively
simple, complementary impedance coupling circuits into the
diplexer’s filter stages, and modilying the transceiver to
include a logic level generator circuit, having a frequency
band monitor node which indicates to which filter ports of
the diplexer the customer has connected the radio’s transmit
and receive ports. The output of the logic level generator
circuit 1s read by the transceiver’s control processor to
automatically tune the transmitter and receiver frequency
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synthesizers to the respective frequencies of the diplexer
filters as connected by the customer.

For this purpose, the upper band filter stage of the diplexer
includes a capacitive-coupling interface circuit that provides
a first, low impedance path between an upper band filter port
and the upper band filter stage’s tuned cavity at the operative
frequency band of the filter, while etfectively blocking DC.
The lower band filter stage includes an 1inductive-coupling
interface circuit which, in addition to providing a low
impedance connection between the lower band filter port
and the tuned cavity of the lower band {filter stage, provides
a DC path to ground.

The logic level generator may comprise a pull-up resistor
coupled between a high voltage reference terminal and a
frequency band monitoring node that 1s ported to an mput/
output bus of the radio’s control processor. The frequency
band monitoring node 1s further coupled to a transceiver’s
(transmit or receive) port through a relatively low value
coupling resistor or inductor, which forms a voltage divider
with the pull-up resistor.

In operation, once the customer has connected the diplex-
er’s filter ports to transmit and receive ports of the trans-
ceiver as specified 1n the radio’s frequency assignment plan,
the voltage reference circuit will provide either a relatively
high voltage associated with the upper frequency band F,,
or a relatively low voltage associated with the lower fre-
quency band F,, depending upon how the user has wired up
the equipment. If the transceiver port of interest has been
connected to the diplexer’s upper band filter port, the
frequency band monitoring node will have the relatively
high voltage level, since the low value resistor 1s terminated
by a DC open circuit, as a result of being coupled to the
DC-blocking, capacitive-coupling interface circuit of the
upper band filter stage. Since the high voltage level 1s
representative of the upper frequency band F,,, the control
processor will tune the transmitter’s frequency synthesizer
to the upper frequency band F,,, and the receiver’s frequency
synthesizer to the lower frequency band F, .

On the other hand, if the transceiver’s transmit port has
been connected to the diplexer’s lower band filter port, the
frequency band monitoring node will be coupled through the
low value resistor and the DC path through the inductive-
coupling interface circuit of the lower frequency band filter
stage to ground. Because the value of low value resistor 1s
considerably smaller than that of the pull-up resistor, the
frequency band monitoring node 1s effectively coupled to the
low voltage level, and the control processor will tune the
transmitter’s frequency synthesizer to the lower frequency
band F,;, and the receiver’s frequency synthesizer to the
upper frequency band F,,.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 diagrammatically illustrates radio transceiver
cquipment for a two-way radio link;

FIG. 2 shows a transmit/receive Irequency assignment
plan for west and east radios of a two-way link; and

FIG. 3 diagrammatically illustrates modifications to a
transceiver and filter stages of a diplexer for implementing
the automatic frequency synthesizer tuning mechanism of
the present mvention.

DETAILED DESCRIPTION

Before describing in detail the automatic frequency syn-
thesizer tuning mechanism of the present invention, it
should be observed that the invention resides primarily 1n a
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prescribed arrangement of conventional communication cir-
cuits and associated digital signal processing components
therefor, that control the operation of such circuits.
Consequently, the configuration of such circuits and com-
ponents and the manner in which they are interfaced with
other communication system equipment have, for the most
part, been 1illustrated 1n the drawings by a readily under-
standable block diagram, which shows only those speciiic
details that are pertinent to the present invention, so as not
to obscure the disclosure with details which will be readily
apparent to those skilled 1n the art having the benefit of the
description herein. Thus, the block diagram 1llustration to be
described 1s intended to show the major components of the
invention 1n a convenient functional grouping, whereby the
present ivention may be more readily understood.

Reference 1s now directed to FIG. 3, which 1llustrates the
manner 1n which an upper band filter stage 51 and a lower
band filter stage 53 of a diplexer unit 50, as well as the radio
transceiver 70 itself may be modified 1n accordance with the
present 1nvention, to automatically tune respective transmit-
ter and receiver frequency synthesizers 80 and 90 of the
radio to the respective frequencies of the diplexer’s filter
stages 51 and 53, as connected to the radio by the customer
in accordance with a specified frequency plan. With refer-
ence to the frequency plan example of FIG. 2, respective
transmitter and receiver frequency synthesizers 80 and 90
are to be controllably tunable by the radio’s microcontroller
(control processor) 100 to transmit in one of the upper
frequency band F,; and the lower frequency band F, and to
receive on the other of the upper frequency band and the
lower frequency band.

Within the diplexer unit 50, the upper band filter stage 51,
which may be configured as a tuned cavity, 1s operative to
pass signals m the upper frequency band F, and to effec-
fively block signals in the lower frequency band F,. The
upper band filter stage 51 has a first end 52 coupled to an
antenna port 85, which the customer connects to the antenna,
as described above. The upper band filter stage 51 has a
seccond end 54, which 1s coupled through a capacitive-
coupling interface circuit 56 to an upper band filter port 57.
The capacitive-coupling interface circuit 56 serves to pro-
vide a first, low impedance path (effective direct electrical
connection) between the upper band filter port 57 and the
upper band filter stage’s tuned cavity at the operative
frequency band of the filter, and to effectively block DC. The
upper band filter port 57 1s to be connected by the customer
to one of the transmit and receive ports 71, 72 of the
transceiver 70, 1n accordance with the radio’s assigned
transmit/receive frequency plan, as described above.

Similarly, the lower band filter stage 53, which may also
be configured as a tuned cavity, 1s operative to pass signals
in the lower frequency band F, and to effectively block
signals in the upper frequency band F,,. The lower band
filter stage 53 has a first end 60 coupled to the antenna port
55, and a second end 58 coupled through an inductive-
coupling interface circuit 59 to a lower band filter port 61,
that 1s to be connected by the customer to the other of the
transmit and receive ports 71, 72 of the transceiver 70. The
inductive-coupling interface circuit 59 of the lower band
filter stage 353 includes an inductor 62 that 1s coupled to a
reference potential terminal 63 (¢.g., ground). In addition to
providing, at the operative frequency band of the filter, a low
impedance connection between the lower band filter port 61
and the tuned cavity of the lower band filter stage 53, the
inductive-coupling interface circuit 39 provides a DC path
64 between the lower band filter port 61 and ground 63,
while blocking signals 1n the upper and lower frequency
bands between port 61 and ground.
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As will be described, this DC path 64 1s used to terminate
a voltage reference circuit 110 installed 1n the transceiver 70,
and 1s coupled to one of the transceiver’s transmit and
receive ports. For purposes of providing a non-limiting
example, the voltage reference circuit 110 1s shown as being
connected to the transceiver transmit port 71, to which the
output of an RF power amplifier 75 of the radio’s transmitter
section 1s coupled. It should be realized, however, that the
voltage reference circuit 110 may be connected alteratively
to transceiver receive port 72, that 1s coupled to the radio’s
receiver section.

The voltage reference circuit 110 1s operative to provide
either a relatively high voltage +V (e.g., +(3-5) volts)
assoclated with a first logic level, or a relatively low voltage
(e.g., zero volts), associated with a second logic level. Each
logic level 1s representative of a respective one of the upper
frequency band F,, and the lower frequency band F, . In the
present example, the first logic level 1s representative of the
upper frequency band F,, and the second logic level 1s
representative of the lower frequency band F;.

For this purpose, the voltage reference circuit 110 may
comprise a relatively high value pull-up resistor 111 that 1s
coupled between a high voltage reference terminal 112, to
which a voltage +V on the order of +3 v—+5 v may be
applied, and a frequency band monitoring node 113 that 1s
ported to an 1put/output bus of the control processor 100.
The frequency band monitoring node 113 1s DC-coupled to
the transceiver’s transmit port 71 through a relatively low
value coupling resistor (or inductor) 114, which forms a
voltage divider with pull-up resistor 111. The frequency
band monitor node 113 serves to identily which diplexer
filter stage—upper filter stage 51 or lower filter stage
53—has been connected to the transceiver’s transmit port 71
by the customer.

More particularly, if the transceiver’s transmit port 71 has
been connected to the diplexer’s upper band filter port 57,
the frequency band monitoring node 113 will be at the
potential of the relatively high voltage (representative of the
first logic level) applied to the high voltage reference
terminal 112, since the low value resistor 114 1s effectively
terminated by a DC open circuit, as a result of being coupled
to the DC-blocking, capacitive-coupling interface circuit 56
of the upper band filter stage 51. Since the first logic level
at node 113 1s representative of the upper frequency band
F ., the control processor 100 will know that 1t is to tune the
transmitter’s frequency synthesizer to the upper frequency
band F,,, and the receiver’s frequency synthesizer to the
lower frequency band F, .

On the other hand, 1f the transceiver’s transmit port 71 has
been connected to the diplexer’s lower band filter port 61,
the frequency band monitoring node 113 will be coupled
through the low value resistor 114 and the DC path 64
through the inductive-coupling interface circuit 59 of the
lower frequency band filter stage 53 to ground 63. Because
the value of low value resistor 114 1s considerably smaller
than that of pull-up resistor 111, with which 1t forms a
voltage divider, the frequency band monitoring node 113 1s
now effectively coupled to zero volts (representative of the
second logic level). Since, in the present example, the
second logic level 1s representative of the lower frequency
band F,, the control processor 100 will tune the transmitter’s
frequency synthesizer to the lower frequency band F;, and

the receiver’s frequency synthesizer to the upper frequency
band F,,.

As will be appreciated from the foregoing description of
the invention, once the customer has completed connecting
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the diplexer to the radio, the radio’s control processor
proceeds to read these connections via the frequency band
monitoring node, and then automatically tunes the radio’s
transmitter and receiver frequency synthesizers to their
respective frequency bands, that coincide with those of the
filter stages of the diplexer as connected to the transmitter
and receiver ports by the customer. The mnvention therefore
obviates the need for the user to carry out parametric
adjustments to set the operation of the radio.

While I have shown and described an embodiment 1n
accordance with the present invention, it 1s to be understood
that the same 1s not limited thereto but 1s susceptible to
numerous changes and modifications as are known to a
person skilled 1n the art, and I therefore do not wish to be
limited to the details shown and described herein, but intend
to cover all such changes and modifications as are obvious
to one of ordinary skill 1n the art.

What 1s claimed:

1. For use with a transceiver that 1s tunable to transmit on
cither of first and second frequency bands and to receive on
either of said first and second frequency bands, and includ-
ing a first frequency band filter that 1s operative to pass
signals in said first frequency band, and a second frequency
band filter that 1s operative to pass signals 1n said second
frequency band, a method of enabling said transceiver to be
automatically tuned to transmit on a selected one of said first
and second frequency bands and to receive on a selected
other of said first and second frequency bands comprising
the steps of:

(a) providing a high pass coupling between a first port of
said first frequency band filter and filter circuitry of said
first frequency band {ilter;

(b) providing a low pass coupling to a reference potential
terminal between a first port of said second frequency
band filter and filter circuitry of said second frequency
band filter:;

(c) coupling one of a transmit port and a receive port of
said transceiver through a monitoring node to a pre-
scribed voltage level;

(d) coupling one of said transmit port and said receive port
of said transceiver to said first port of said first fre-
quency band filter and coupling the other of said
transmit port and said receive port of said transceiver to
said first port of said second frequency band filter; and

() monitoring the voltage level of said monitoring node,
and tuning said transceiver to transmit on said first
frequency band and to receive on said second fre-
quency band, 1n response to a voltage level of said
monitoring node having a first voltage level, but oth-
erwise tuning said transceiver to transmit on said
second frequency band and to receive on said first
frequency band 1n response to said voltage level of said
monitoring node having a second voltage level.

2. A method according to claim 1, wherein said trans-
ceiver includes a tunable transmit oscillator and a tunable
receive oscillator, and wherein step (¢) comprises tuning
said tunable transmit oscillator to said first frequency band
and said tunable receive oscillator to said second frequency
band, 1n response to said voltage level of said monitoring,
node having said first voltage level, but otherwise tuning
said tunable transmit oscillator to said second frequency
band and said tunable receive oscillator to said first fre-
quency band.

3. A method according to claim 1, wherein step (a)
comprises providing a capacitance coupling between said
first port of said first frequency band filter and filter circuitry
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of said first frequency band filter, and step (b) comprises
providing an inductive coupling between said first port of
said second frequency band filter and said reference poten-
fial terminal.

4. A method according to claim 2, wherein step (e)
comprises monitoring the voltage level of said monitoring
node by means of a transceiver tuning control processor, and
wherein said transceiver tuning control processor 1S opera-
five to automatically tune said tunable transmit and receive
oscillators 1n accordance with the value of the voltage level
at said monitoring node.

5. A method according to claim 1, wheremn said first
frequency band filter has a second port coupled 1in common
with a second port of said second frequency band filter to a
fransmit-receive antenna.

6. A communication apparatus comprising:

a transceiver that 1s controllably tunable to transmit on

one of an upper frequency band and a lower frequency
band, and to receive on the other of said upper fre-

quency band and said lower frequency band, and

a transmit/receive lilter having an upper band filter that 1s
operative to pass signals in said upper frequency band
and to effectively block signals in said lower frequency
band, and a lower band {filter section that is operative to
pass signals 1n said lower frequency band and to
eifectively block signals 1n said upper frequency band,

a transmit port of said transceiver being coupled to a first
port of one of said upper and lower band {filter sections,

a receive port of said transceiver being coupled to a first
port of the other of said upper and lower band filter
sections,

a lirst type of electrical impedance interface coupled
between said first part of said upper band filter section
and filter circuitry of said upper band filter section,

a second type of electrical impedance interface coupled
between said first port of said lower based filter section
and filter circuitry of said lower based filter section,

a voltage reference circuit coupled to one of said transmit
port and said receive port of said transceiver, and

a controller coupled to said one of said transmit port and
said receive port of said transceiver and being operative
to automatically tune said transceiver to transmit on
said upper frequency band and to receive on said lower
frequency band, 1n response to detecting a first voltage
level 1n a circuit path between said voltage reference
circuit and said one of said transmit ports and said
receive port of said transceivers, but otherwise auto-
matically tuning said transceiver to transmit on said
lower frequency band end to receive on said upper
frequency band, in response to detecting a second
voltage level 1n said circuit path between said voltage
level reference circuit and said one said transmit port
and said receive port of said transceiver.

7. A communication apparatus according to claim 6,
wherein said first type of electrical impedance interface
comprises a capacitively coupled interface circuit between
said first part of said upper band filter section and filter
circuitry of said upper band filter section, and said second
type of electrical impedance interface comprises an induc-
tively coupled interface between said first part of said lower
band filter section and a predetermined voltage reference
terminal.

8. A communication apparatus according to claim 7,
wherein said predetermined voltage reference terminal com-
prises a ground potential terminal, and said voltage reference
circuit 1s coupled to a non-ground voltage reference termi-
nal.
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9. For use with a transceiver that 1s tunable to transmit on
either of first and second frequency bands and to receive on
cither of said first and second frequency bands, and includ-
ing a first frequency band filter that 1s operative to pass
signals 1n said first frequency band, and a second frequency
band filter that 1s operative to pass signals 1n said second
frequency band, a method of enabling said transceiver to be
automatically tuned to transmit on a selected one of said first
and second frequency bands and to receive on a selected
other of said first and second frequency bands comprising
the steps of:

(a) incorporating first and second respectively different
impedance coupling circuits into said first and second
frequency band filters respectively;

(b) installing, in said transceiver, a logic level generator
circuit which generates an output representative of
connections between said first and second frequency
band filters and transmit and receive ports of said
transceiver; and

(¢) automatically tuning transmitter and receiver fre-
quency synthesizers of said transceiver to the respec-
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tive frequencies of said first and second frequency band
filters 1n accordance with the output of said logic level
generator circuit.

10. A method according to claim 9, wheremn said first
coupling circuit comprises a capacitive-coupling interface
circuit that provides a first, low impedance path between a
filter port and filter circuitry of said first frequency band
filter, while effectively blocking DC, and said second cou-
pling circuit comprises an inductive-coupling interface cir-
cuit that provides a second, low 1impedance path between a
filter port and filter circuitry of said second frequency band
filter, and a DC path from said filter port of said second
frequency band filter to a reference potential terminal.

11. A method according to claim 10, wherein said logic
level generator circuit comprises a pull-up resistor coupled
between a prescribed voltage reference terminal and a
frequency band monitoring node, which 1s DC-coupled to
one of said first and second respectively different impedance
coupling circuits of said first and second frequency band
filters respectively.
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